This study evaluates the seizure of birds in the state of Amazonas during twenty years (1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011), providing information on the sale of birds in a state recognized for its significant biodiversity. We compiled a total of 2,698 seizure records of illegal wildlife trade, which were drawn up and issued by the Brazilian Institute of Environment and Renewable Natural Resources -IBAMA (the Brazilian official agency for environmental license and patrol) in the state of Amazonas, during 240 months. Reports of birds seized were found in only 297 (11%) of the seizure records analyzed. The number of bird specimens ranged from 3 to 710 per year, and the taxonomic richness ranged from 1 to 24 species. Considering all seizures, there was a richness of 40 bird species, distributed in 16 families and 10 orders. Among the families analyzed, Thraupidae was the richest, with 17 species, followed by Psittacidae, with eight species. The order Passeriformes was the most represented, with 12 genera, where Sporophila was the richest, with nine species (22.5% of total species). The Saffron Finch (Sicalis flaveola -Linnaeus, 1766), Muscovy Duck (Cairina moschata -Linnaeus, 1758) and Chestnut-bellied Seed-Finch (Sporophila angolensis -Linnaeus, 1766) together accounted for more than half (56.9%) of the total birds seized for the period. Of the species recorded in this study, five (12.5%) were listed as Endangered. Our results suggest that the illegal trade of animals in Amazonas shows a pattern different from that which has been reported in other Brazilian states. Birds were little represented in the Amazon, and the main reason for their illegal trade was related to their use as food. In addition to the cultural aspects, the richness of vertebrates in the Amazon certainly influences the choice of animals used and marketed in the Amazon region.
Introduction
Wildlife has been used by humans since the dawn of their existence [1] , representing an important resource for survival, especially in countries rich in biodiversity [2] . In Brazil, throughout history, wild animals have been used for various purposes, including food, cultural activities, trade in live animals, their parts or products, clothing, tools, medicine, and magicreligious beliefs [3] [4] [5] [6] [7] . Such uses occur in both rural and urban areas, as game and fish are useful resources in many localities in all regions of the country [8] [9] [10] [11] .
Because of their importance as a source of resources for human use, the exploitation of many wild species has stimulated the trade in animal products [12] [13] [14] . The regulation of trade in wild animals and their by-products is governed primarily by the Convention on International Trade in Endangered Species of Wild Fauna and Flora -CITES -of which Brazil has been a signatory since 1973. Despite international and national laws, wildlife trade has increased in recent decades throughout the world [14, 15] and illegal animal trafficking is a serious problem that has impacted populations of various exploited animal species [12] [13] [14] 16] .
Since it is a clandestine activity, information on the illegal wildlife trade is difficult to obtain [17] . In Brazil, a study published in 2001 recorded 36,573 specimens of birds seized throughout the country between 1992 and 2000. However, important geographical gaps show that these data are underestimated. Brazilian states rich in biodiversity, such as Amazonas, were not included in that survey [18] . The information obtained to date on the illegal trade in animals reveals that birds are the taxon most frequently involved in these activities. A recent review by Alves et al. [14] showed that at least 295 species of birds are sold illegally in the country. It is known that species from the north (except the state of Amazonas), northeast and central-west regions of Brazil are destined for locations in the south and southeast, where they are sold on roads and highways [18] . In the trade, caged birds (used as pets) are the majority (82%) of the marketed wildlife [14, 18] .
In the Amazon, the hunting of wild animals is a seasonal activity, a source of animal protein for subsistence or for complementing fish consumption [19] [20] [21] [22] . In the Amazonian states, rivers are true "roads" [23] and important routes where trafficked wild animals are sold, and the reality may be different from that described for other Brazilian regions, where birds dominate the illegal trade, as suggested by previous studies. In the state of Amapá, for example, birds did not make up the majority of animals seized [24] . In the state of Acre, between 1989 and 1997, information extracted from 133 seizure notices issued by IBAMA inspectors of that state, revealed that fewer than 1% of the animals seized were birds [25] . In a survey conducted by IBAMA in Mantenedouro de Fauna Silvestre do Batalhão de Infantaria de Selva (MFS/7th BIS) from 2004 to 2011, in Boa Vista, state of Roraima, birds were not the majority of the taxa seized in that state [26] .
Although the use of wild animals is a common practice in the Amazon region, studies on the subject are scarce [27] . The removal of wildlife from their natural environments for illegal trade or to be kept in captivity is a serious problem that still needs to be solved by the agencies responsible for wildlife protection. Because the clandestine illegal trade in wildlife is difficult to monitor, seizure records available from environmental agencies are an important tool for obtaining information on the richness of traded taxa and the most frequently exploited species. Our study evaluates the seizure of birds in the state of Amazonas in the period between 1992 and 2011, seeking information on the sale of birds in a state recognized for its significant biodiversity. Such information is important for environmental education programs and is essential to management plans for the region, also allowing a comparison with the richness of animals trafficked in other locations in Brazil.
Methods
Data collection was carried out by consulting the files of the Control and Supervision Division (DICOF) of the Brazilian Institute of Environment (IBAMA), located in the city of Manaus, state of Amazonas. The information used in the study was obtained from non-computerized seizure records, issued by IBAMA officials between 1992 and 2011. In 2012, IBAMA's inspection service was transferred to the Amazonas State Institute for Environmental Protection -IPAAM. In the consultation, on-site data were collected, including locality, municipality and/or river for which the seizure records were issued and seizure date, plus the species and number of individuals seized. Regarding the data on seizure location, besides the capital Manaus, seizure records for operations carried out by IBAMA on the main rivers of the state of Amazonas were also included. For the identification of birds to the species level, we used the scientific nomenclature recommended by the Brazilian Committee of Ornithological Records -CBRO [28] . For the conservation status of the species, we considered both Decree N o . 444/2014, at the national level, and red lists of the IUCN [29] .
Results
We compiled a total of 2,698 seizure records of illegal trade in wildlife, which were drawn up and issued by IBAMA in the state of Amazonas during twenty years (1992-2011). Birds were found in only 297 (11%) of the seizure records analyzed. It should be noted that it was not possible to access 80 months (distributed in the sampling period), for which, according to local information, either there were no seizures, or the seizure records were lost (loss or deterioration of file boxes where they were stored). Excluding these cases, the annual number of seizure records ranged from 5 to 437, the number of bird specimens ranged from 3 to 710 per year, and the taxonomic richness ranged from 1 to 24 species per year ( Fig. 1 ). For all bird seizures, there was a richness of 40 bird species, distributed in 16 families and 10 orders (Appendix 1). Among the families analyzed, Thraupidae was the richest, with 17 species, followed by Psittacidae, with eight species. The order Passeriformes was the most represented, with 12 genera, where Sporophila was the richest, with nine species (22.5% of total species). The Saffron Finch (Sicalis flaveola -Linnaeus, 1766) was the most frequently seized species, accounting for a total of 704 specimens, followed by the Muscovy Duck (Cairina moschata -Linnaeus, 1758), with 249 specimens, and the Chestnut-bellied Seed-Finch (Sporophila angolensis -Linnaeus, 1766), with 112 individuals (Fig.  2) . These three species together accounted for more than half (56.9%) of the total birds seized for the period (Appendix 1).
Of the birds seized, 203 individuals were recorded in the seizure records as "caged bird" (a reference to their use as pets), where most were in the order Passeriformes. Similarly, another 132 individuals, described in the seizure records as "game birds" (probably because they were destined for food), were grouped in the order Galliformes. Among the remaining specimens, 184 were identified only to the genus level in the records, where there were 85 parakeets (Brotogeris spp.), 65 parrots (Amazona spp.), 33 macaws (Ara spp.) and one toucan (Ramphastos spp. Another very important bird with a large amount of seized animals was the Chestnut-bellied Seed-Finch. This species was found in only two different locations and three seizure records, two of them in the Eduardo Gomes International Airport/Manaus and one at km 42 of the BR-174, still in the municipality of Manaus.
Annual seizure records with more than 100 birds were obtained in 1999, 2000, 2001, 2003, 2007, 2009 and 2011. In these seven years, 86% of birds seized were recorded and there was little variation in the number of birds seized except for the year 2007, when there was a peak of seizures (710 specimens), 37.9% of the birds seized during the study period (Fig 1) . As for taxonomic richness, the largest seizures in number of species were obtained in 2001, 2007 and 2011. In terms of abundance, the 10 species most seized totaled more than 66.1% of all specimens in seizure records during the study period, highlighting two species: the Chestnutbellied Seed-Finch and the Muscovy Duck. Together, they accounted for more than half (50.91%) of the total birds seized (Fig 2) .
Regarding the spatial distribution of seizures, IBAMA inspectors in the city of Manaus seized 70.35% of bird specimens (Fig 3) . Of the species recorded in this study, five (12.5%) were listed as Endangered (EN), two as Vulnerable (VU) and three as Near Threatened (NT), one Not Recognized (NR) and the others in the Least Concern (LC) category [29] (Appendix 1). Only the Great-billed Seed-Finch (Sporophila maximiliani Cabanis, 1851) was included in the Critically Endangered (CE) category of the red list of Brazil. 
Discussion
This is the first study to show that, in the state of Amazonas, birds have little representation among wild vertebrates trafficked and seized. This situation differs from several other locations in Brazil, where birds make up much of the fauna seized by environmental agencies [14, [30] [31] [32] [33] , reflecting the popularity of this taxon mainly as pets in Brazil [3, 14, 34, 35] .
Some of the birds seized were used as pets and, considering the birds seized for this purpose, we found a pattern similar to that observed in other studies in Brazil, which showed that Passeriformes are the species most commonly seized and recorded in illegal trade [14, 32, 33, [36] [37] [38] . Of the species seized at the family level, Thraupidae was the most representative in number of species in this study area, following a trend found in other regions of Brazil [14] , where species of this family are illegally traded for use as pets. However, we found a good representation of the family Anatidae among the birds seized in the state of Amazonas, which were certainly used as a source of food, perhaps because of their abundance in the region and/or their large size [39] [40] [41] . The consumption of species of this family has also been reported elsewhere in Brazil [3, 35, 42, 43] , but they are generally less represented in illegal trade than capturing birds for pets [14] .
The literature on illegal wildlife trade in Brazil shows a trend suggesting that birds from the north and northeast are targeted for the southeast and/or south of the country [18, 37, 44] . However, some of our results suggest the contrary; for example, 41.2% of the species seized from the family Thraupidae were from other regions [14, 28] . Our findings reveal that the species the Great-billed Seed-Finch, Cooper Seedeater Sporophila bouvreuil (Statius Muller, 1776), Rustycollared Seedeater Sporophila collaris (Boddaert, 1783) , Slate-colored Seedeater Sporophila schistacea (Lawrence, 1862) and Ultramarine Grosbeak Cyanoloxia brissonii (Lichtenstein, 1823) were from the northeast and/or southeastern regions of Brazil.
The size of the birds intended for human consumption indicated more seizures of larger species for food use, particularly species of the families Anatidae, Cracidae and Psittacidae. The preference for birds of these families as a protein source seems to be a pattern in the Amazon region [39] [40] [41] , while in other regions of the country, smaller species such as those of the family Columbidae appear among the most frequently consumed [3, 35, 42, 45] , probably because they are more abundant and have gregarious habits [46] .
The finding that birds of the genus Sporophila were the most seized in the period sampled matches seizure data in other regions of the country [32, 47] . The high demand for birds of this kind may be due to their beautiful songs, or the ease of their maintenance in cages [14] . We also emphasize the seizures of the Paramo Seedeater (Catamenia homochroa -Sclater, 1859), and the Hooded Siskin (Sporagra magellanica -Vieillot, 1805). The first is endemic to Tepuis in the state of Roraima and to Venezuela and/or Colombia [48] [49] [50] [51] . However, the Hooded Siskin may come from Venezuela or southeastern Brazil.
The fauna in seizure data from the Amazonian states [24] [25] [26] 52] , including this study, differ from data collected in other regions of Brazil, where the class Aves represents the vast majority of species seized [14] (Appendix 2). Importantly, of the 40 bird species seized in our study, 22.5% did not occur in the state of Amazonas. In other states, it has also been observed that some seized birds do not occur in the region where the seizure was made. In São Paulo, for example, from 1999 to 2003, 263 species of birds were seized, and 13% did not occur in that state [53] ; in Rio Grande do Sul between 1999 and 2000, of the 93 species of birds seized, 19.35% did not appear in the records of that state [33] , and in Minas Gerais between 1992 and 2012, of the 35 species of birds referred to CETAS (wildlife rescue center), 14.70% did not naturally occur in that state [54] . The seizure of birds from other regions is expected, since the trafficking of wild animals and their products involves different cities and regions of Brazil [6, 7, 14, 15, [55] [56] [57] [58] .
Excluding specimens of birds which did not occur in the Amazon, 49.78% of the 1,155 other birds were slaughtered and ready for consumption. These data suggest that the families Anatidae, Cracidae and Psittacidae have an important role as a source of animal protein in the state of Amazonas, which corroborates previous studies finding that birds of these families are preferred for animal protein [39] [40] [41] . 
Implications for conservation
There are 1,901 birds species in Brazil, according to the latest data of the Brazilian Ornithological Records Committee [28] , many of which are threatened (n= 164 species -24 being listed as critically endangered, 45 as endangered and 95 as vulnerable), according to the IUCN [29] . Although many factors may be related to the depletion of wild avifauna, a major threat to this animal group is illegal trade, which involves around 295 species in Brazil [14] , indicating that birds are prominent among wild animals exploited by illegal trade in the country. However, data on seizures analyzed in this study suggest that the pattern of the illegal bird trade in the state of Amazonas is different from that reported in other Brazilian states, where birds are the main group seized by environmental agencies (Fig 4) . In the period sampled in this study, birds were little represented, the main reasons for their illegal trade being for food and pets, while most birds seized in other regions of the country are used as pets. In addition to cultural aspects, the richness of vertebrates in the Amazon certainly influences the choice of the wild animals used and marketed in the Amazon region.
While birds do not represent the group with the highest number of species seized, our results show that the use and trade of wild birds are common throughout the state of Amazonas. Due to the clandestine nature of these activities, and the lack of basic biological data for many of the species traded, determining the impact of trade on bird wild populations is difficult. However, exploitation of wild birds can have serious ecological consequences, both directly through the decline and local extinction of the exploited species and, indirectly, by influencing important ecological processes such as seed dispersion and pollination. Moreover, changes in food chains can be a threat to other biological groups and enable the increase of pest species.
In Amazonia, the use of wild birds is a widespread and important cultural activity, occurring in both rural and urban areas and across social classes. Special attention should be given to the families Anatidae, Cracidae and Psittacidae, which are heavily exploited in illegal trade, as found in our study. Psittacidae and Cracidae comprise two of the most endangered groups of birds in the world and include several species that have gone extinct in recent centuries. We believe that the adoption of educational programs in schools and in the media, as well as the intensification of inspections to prevent illegal bird trade, are key in the control of this activity. These actions should have a positive impact on conservation of bird species and other animal groups affected by the same illegal activities in the region.
